Recent studies of the past eastern Australian landscape from present-day longitudinal river profiles and from mantle flow models suggest that the interaction of plate motion with mantle convection accounts for the two phases of large-scale uplift of the region since 120 Ma. We coupled the dynamic topography predicted from one of these mantle flow models to a surface process model to study the evolution of the eastern Australian landscape since the Jurassic Period. We varied the rainfall regime, erodibility, sea level variations, dynamic topography magnitude, and elastic thickness across a series of experiments. The approach accounts for erosion and sedimentation and simulates catchment dynamics. Despite the relative simplicity of our model, the results provide insights on the fundamental links between dynamic topography and continental-scale drainage evolution. Based on temporal and spatial changes in longitudinal river profiles as well as erosion and deposition maps, we show that the motion of the Australian plate over the convecting mantle has resulted in significant reorganization of the eastern Australian drainage. The model predicts that the Murray river drained eastward between 150 and ∼120 Ma, and switched to westward draining due to the tilting of the Australian plate from ∼120 Ma. First order comparisons of eight modeled river profiles and of the catchment shape of modeled Murray-Darling Basin are in agreement with present-day observations. The predicted denudation of the eastern highlands is compatible with thermochronology data and sedimentation rates along the southern Australian margin are consistent with cumulative sediment thickness. Abstract Recent studies of the past eastern Australian landscape from present-day longitudinal river profiles and from mantle flow models suggest that the interaction of plate motion with mantle convection accounts for the two phases of large-scale uplift of the region since 120 Ma. We coupled the dynamic topography predicted from one of these mantle flow models to a surface process model to study the evolution of the eastern Australian landscape since the Jurassic Period. We varied the rainfall regime, erodibility, sea level variations, dynamic topography magnitude, and elastic thickness across a series of experiments. The approach accounts for erosion and sedimentation and simulates catchment dynamics. Despite the relative simplicity of our model, the results provide insights on the fundamental links between dynamic topography and continental-scale drainage evolution. Based on temporal and spatial changes in longitudinal river profiles as well as erosion and deposition maps, we show that the motion of the Australian plate over the convecting mantle has resulted in significant reorganization of the eastern Australian drainage. The model predicts that the Murray river drained eastward between 150 and $120 Ma, and switched to westward draining due to the tilting of the Australian plate from $120 Ma. First order comparisons of eight modeled river profiles and of the catchment shape of modeled Murray-Darling Basin are in agreement with presentday observations. The predicted denudation of the eastern highlands is compatible with thermochronology data and sedimentation rates along the southern Australian margin are consistent with cumulative sediment thickness.
Introduction
Over the last 30 years, mantle flow has been shown to affect the evolution of continental-scale topography [e.g., Hager and Richards, 1989; Cazenave et al., 1989; Lithgow-Bertelloni and Gurnis, 1997; Gurnis et al., 1998; M€ uller et al., 2008; Heine et al., 2010; Moucha and Forte, 2011; Flament et al., 2015; M€ uller et al., 2016a] . Estimations from these predictive models are often calibrated using present-day and geological constraints on mantle flow induced dynamic topography. These observations mainly rely on sparse data sets from which expressions of dynamic topography are inferred by computing residual depth anomalies with respect to reference models of oceanic or continental topography [see Flament et al., 2013, for a review] . Despite some progress [Winterbourne et al., 2014; Hoggard et al., 2016] , extracting reliable estimates of residual topography from these observations is generally difficult and therefore quantitative predictions of dynamic topography remain difficult to calibrate.
On the other hand, long-term landscape dynamics could be used to evaluate and discriminate between past geodynamic processes [e.g., Conrad and Gurnis, 2003; Bishop, 2007; Simoes et al., 2010] as they record the interactions of deep and surface processes [e.g., Avouac and Burov, 1996; Bonnet and Crave, 2003; Whipple and Meade, 2006] . Geomorphic processes accounting for fluvial incision and hillslope mechanisms are used in regular models of landscape evolution to understand temporal evolution of landscape and sediment fluxes as a response to tectonic and climatic forcings [e.g., Davy and Crave, 2000; Howard et al., 1994; Sklar and Dietrich, 2006; Whipple and Tucker, 1999; Tucker and Slingerland, 1997; Tucker and Bras, 1998; Tucker and Hancock, 2010] . Such models generally focus on temporal scales up to a few hundred thousand years and spatial scales up to a few hundred kilometers (i.e., mesoscale), and many applications focus on understanding orogenic responses to tectonic or climatic forcings [e.g., Tucker, 2004; Whipple and Meade, 2004, 2006] . macroscale) has only been investigated in few studies Ruetenik et al., 2016] . Over the last decade, several analog models of macroscale topography evolution [Babault et al., 2005; Bonnet and Crave, 2003; Lague et al., 2003] have been designed to better constrain landscape response to different tectonic and precipitation conditions. Numerical studies [Kooi and Beaumont, 1996; Davy and Crave, 2000; Simoes et al., 2010] based on mesoscale laws for fluvial and hillslope processes have indicated that macroscale evolution of landscape is complex and scale-dependent. The scarcity of extensive studies is a consequence of several major limitations. First, refinement of mesoscale landscape evolution models is generally too computationally demanding to be transferred to macroscale. Second, most of these numerical models are based on a mesoscale approximation of channel and hillslope processes. At the scale of these processes paleolandscapes are often unknown and are difficult to appreciate for even larger spatial and temporal scales. Third, paleoclimatic proxy data are sparse and must be extrapolated over extensive areas. Even though these constraints limit the predictive power of any macroscale simulation, such models can provide meaningful insights into the fundamental links between continental-scale dynamic topography, landscape and drainage evolution, fluvial erosion, and deposition.
Here we use the dynamic topography predicted by a paleogeographically constrained reconstruction of past mantle flow M€ uller et al., 2016a] to evaluate the formation of the Australian Great Dividing Range over the last 150 Myr and quantify the influence of mantle flow on continental-scale morphological features using Badlands [Salles and Hardiman, 2016] . Using low-resolution models (20 km), we first explore the sensitivity of landscape evolution models rainfall conditions, dynamic topography magnitude, flexural thickness, and sediment erodibility. The success of these exploratory models is evaluated by comparing the simulated cumulative erosion with denudation rate for the Great Dividing Range and the difference between model final elevation and topography taken from ETOPO5 [National Geophysical Data Center (NOAA), 2006] . A highresolution model (5 km), based on parameters selected from the sensitivity analysis, is then used to quantify the time dependence of erosion and deposition on smaller scales, as well as the evolution of catchment dynamics, drainage capture, and drainage network reorganization. We show that the motion of the Australian plate over the convecting mantle resulted in significant changes in river drainage, intercontinental erosion, and sedimentation. Despite the assumptions and limitations inherent in this study, predicted cumulative denudation and sedimentation are compatible with thermochronology data in the Australian eastern highlands, with cumulative sediment thickness in a southern Australian offshore basin and with present-day river profiles and catchments.
In the future, the approach we introduce here may be particularly relevant to understand sediment routing and associated basin formation and evolution at continental scale in regions far from plate margins or where lithospheric deformation is not significant. It could also be used to derive some quantitative constraints for the dynamic topography history obtained from global mantle flow models.
Methods

Model Description 2.1.1. Modeling Past Mantle Flow and Dynamic Topography
We reconstruct past mantle flow by driving CitcomS [Zhong et al., 2008] incompressible convection models with plate velocities as time-dependent boundary conditions and progressively assimilating the thermal structure of the lithosphere and of shallow slabs derived in 1 million year intervals from a plate reconstruction. This semiempirical modeling is guided by the current intractability of computing timedependent models of the plate-mantle system with a resolution sufficient to dynamically obtain tectonic-like features, including one-sided subduction [Stadler et al., 2010] . The approach allows us to reconstruct past mantle flow for times before 100 Ma, and it ensures the computations follow Earth's imposed tectonic history.
The model consists of 1283128364312 % 12:6310 6 elements, and radial mesh refinement gives average resolutions $50350315 km at the surface, $28328327 km at the core-mantle boundary, and $403403 100 km in the midmantle.
The thickness and temperature of the lithosphere are derived using a half-space cooling model and the synthetic age of the ocean floor for the initial condition and progressive data assimilation . The global thermal structure of slabs, assimilated in the model to 350 km depth in 1 million year increments, is constructed from the location and polarity of subduction zones and from the age of the ocean floor .
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The Rayleigh number that determines the vigor of convection is The viscosity depends on pressure and temperature as
where g 0 ðrÞ is a prefactor defined with respect to the reference viscosity, set equal to 1 for the upper mantle (above 660 km depth) and to 100 for the lower mantle. E g is the activation energy set to 100 kJ mol 21 in the upper mantle and to 30 kJ mol 21 in the lower mantle, R 5 8.31 J mol 21 K 21 is the universal gas constant, T is the dimensional temperature, T g 5452 K is the temperature offset and T b 5 1685 K is the background mantle temperature. These activation energy and temperature offset limit variations in viscosity to three orders of magnitude across the range of temperatures.
Air-loaded dynamic topography is obtained by scaling the surface vertical stress r rr resulting from mantle flow according to
where Dq53340 kg m 23 is the density difference between the shallow mantle and air. Dynamic topography is derived in a series of instantaneous Stokes-flow calculations based on snapshots of the temperature and velocity fields from the main model run, in which the surface boundary condition is no-slip and the uppermost 250 km of the mantle do not contribute to the flow. Dynamic topography is calculated as a postprocessing step to make it possible to change the surface boundary condition from imposed tectonic velocities to no-slip, and to ignore buoyancy above a given depth. This depth is chosen because the model contains lithospheric keels up to 250 km thick for continents of Archean tectonothermal age [Artemieva, 2006; Flament et al., 2014] , and we consider that dynamic topography originates beneath the thermal boundary layer of mantle convection [e.g., Flament et al., 2013] , in this case the assimilated lithosphere. As a consequence, dynamic topography originating shallower than 250 km depth, expected to be large in amplitude [e.g., Flament et al., 2013] , is not captured by the model.
Landscape Evolution
Many landscape evolution models (LEMs) have been developed over the past decades [e.g., Braun and Sambridge, 1997; Coulthard, 2001; Crave and Davy, 2001; Davy and Lague, 2009; Tucker and Hancock, 2010; Braun and Willett, 2013; Salles and Duclaux, 2015] and applied to improve our understanding of mesoscale landscape dynamics over spatial dimensions of an individual catchment to an entire orogen and temporal dimensions of thousands to millions of years [e.g., Braun and Sambridge, 1997; Tucker et al., 2001; Willgoose, 2005; Tucker, 2009; Paola et al., 2009] .
We briefly present the constitutive equations of Badlands, the landscape evolution model used here (Figure 1 ).
Badlands is an open-source and parallel basin and landscape model designed to simulate both erosion and deposition [Salles, 2016] and to investigate drainage evolution over continental scale and hundreds of millions of years. Computations at such scales are achieved by considering simpler physics [Garcia-Castellanos et al., 2003; Braun and Willett, 2013; Goren et al., 2014] and an efficient parallelization implementation based on sub-basin partitioning and load-balancing [Salles and Hardiman, 2016 , and references therein].
Constitutive Equations
The continuity of mass is defined by the standard equation:
Geochemistry, Geophysics, Geosystems [Chen et al., 2014, and references therein] . For channel flow, the model is able to simulate both the transport-limited and detachment-limited regimes [Davy and Lague, 2009; Pelletier, 2011] .
In this study, we assume that fluvial erosion and transport is only based on a detachment-limited mode. Therefore, transport by channel flow, q r , is modeled using the conventional stream power law equation and is defined as a function of topographic gradient rz and surface water discharge. Surface water discharge expression relates net precipitation P (which can be uniform or spatially variable) and contributing drainage area A.
2r Á q r 52ðPAÞ m ðrzÞ n :
, the coefficient of erodibility, is a measure of incision efficiency. The coefficients m and n are both positive and indicate how the incision rate scales with bed shear stress. Their ratio (m/n) is considered to be ' 0:5, in which case ðPAÞ m ðrzÞ n scales with shear stress to a positive power [Tucker and Hancock, 2010] .
Hillslope processes are defined with a simple creep transport law [Fernandes and Dietrich, 1997; Braun et al., 2001; Perron et al., 2009 ] of the form:
j is the diffusion coefficient. The coefficient of erodibility and the diffusion coefficient encompass the influence of climate, lithology, and sediment transport processes [Howard, 1980; Dietrich et al., 1995; Whipple and Tucker, 1999; Lague et al., 2005; Tucker and Hancock, 2010] . 2.1.2.2. Flexural Isostasy Sediment redistribution by surface processes changes the repartition of surface loads on the elastic outer shell of Earth [Hodgetts et al., 1998; Wickert, 2015, and references therein] . Badlands includes a module that solves lithospheric flexure in two dimensions [Altas et al., 1998; Li et al., 2004; Salles and Hardiman, 2016] using finite differences and that can be used to simulate local or regional isostatic compensation. The equation governing elastic deformation for a uniform flexural rigidity and in the absence of horizontal forces is
x is the vertical deflection of the plate and q m and q f are the densities of the mantle and of the filling material (either sediments, air or water or a combination of both), respectively, q l 5q l gh l with q l and h l the density and height of the load. D is the flexural rigidity of an elastic plate
where E is Young's modulus, m is Poisson's ratio, and T e is the effective thickness.
Porosity and Compaction
In Badlands, a forward compaction algorithm is coupled to sedimentation and approximate compaction and pore pressure changes in the sedimentary column through time [Tetzlaff and Harbaugh, 1989; Bahr et al., 2001; Salles et al., 2011] : Figure 1 . A schematic of 2-D landscape evolution model illustrating the main variables and forces simulated with Badlands, where z is surface elevation, r is rainfall, sl is sea level, f is flexural isostasy, and u is tectonic or dynamic topography.
Geochemistry, Geophysics, Geosystems [Flament et al., 2014] .
To analyze the sensitivity of the landscape evolution model to the dynamic topography derived from Model 1 of M€ uller et al.
[2016a], we scaled its magnitude from 0.5 to 2.0 using 0.5 increments (models 10-13, Table  1 ). This test captures variations in the amplitude of predicted dynamic topography based on the assumed load (air, water, or sediment), boundary condition (free-slip, no-slip, or plate velocities) and depth above which sources of buoyancy are ignored. The amplitude of dynamic topography is greater for no-slip than for free-slip boundary conditions, increases when shallower sources of buoyancy are considered and increases with the density of the assumed load. Note that we did not apply a time-dependent water-loading or sediment-loading [Austermann and Mitrovica, 2015] [Hallam, 1984; Watts and Thorne, 1984; Haq et al., 1987; Miall, 1992; Christie-Blick and Driscoll, 1995; Haq and Al-Qahtani, 2005; Miller et al., 2005; M€ uller et al., 2008 ]. Longterm sea level change is thought to primarily reflect changes in the volume of the ocean basins [Hays and Pitman, 1973] , and is therefore model-dependent. Here two end-member sea level functions are considered. We first assumed that sea level is constant through the duration of the simulation and is fixed to present day (model 1, Table 1 ). We then we use the past eustatic sea level of Haq et al. [1987] plotted in Figure 2c .
Precipitation Evolution
On timescales of tens to hundreds of millions of years, global scale climates are controlled by changes in solar luminosity, continent distribution, ocean circulation, and atmosphere composition [Veevers, 1994; Myers et al., 2011; Van Der Meer et al., 2014] . These changes drive temporal evolution of global rainfall regimes. At continental scale, orographic precipitation [Roe et al., 2003; Whipple, 2009] Geochemistry, Geophysics, Geosystems
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In this study, we define two types of rainfall pattern. The first one consists of a constant precipitation value set to 1 m yr 21 and which is uniform both spatially and temporally during the 150 Ma of the simulation (models 1, 10-13, Table 1 ). The second precipitation conditions are reconstructed based on presentday climate and geological plate tectonic evolution (models 2-9, Table 1 ). We use an annual precipitation regime assumed to be uniform over a longitudinal extent ranging between 1358E and 1558E and averaged at a given latitude by the GFDL CM2.1 model over the period 1951-2000 [Delworth et al., 2006] Haq 87 Geochemistry, Geophysics, Geosystems
( Figure 2b ). The latitudinal position of the Australian Plate for the last 150 Ma is derived from the plate tectonic history and used to calculate the spatial rainfall values at any given simulation time steps (Figure 2a) . This simple approach interpolates the last 50 years of the latitudinal distribution of precipitation through the model simulation time. In the future, we plan on improving the rainfall spatial and temporal distribution pattern by combining outputs from paleoclimate reconstruction models with an orographic precipitation module.
Paleotopography Construction
Our hypothesis is that the present-day topography of Australia was partly shaped by mantle-driven dynamic topography. To obtain the large-scale paleotopography at 150 Ma, we subtract the predicted present-day dynamic topography from the global digital elevation model (DEM) ETOPO5 [NOAA, 2006] . A Gaussian filter is then applied to eliminate present-day drainage patterns and flow networks. This surface is further adjusted by removing ocean sediment thickness accumulated over the last 150 Myr based on total sediment thickness maps of the world's oceans and marginal seas [Whittaker et al., 2013] . Estimated long-term fluctuations in past eustatic sea level [Haq et al., 1987] are then added to the grid to obtain a time-dependent paleo-DEM. Finally, paleoshoreline positions given in the Paleogeographic Atlas of Australia [Langford et al., 1995] are used to evaluate and refine the initial paleosurface. The approach consisted in comparing the paleoshoreline locations at different time intervals and by assessing the predicted inundation of the continental areas over the past 150 Ma. The evaluation is further refined based on fossil-derived paleoenvironment interpretation from the aforementioned Paleogeographic Atlas [Langford et al., 1995] . The method is similar to the one proposed by Heine et al. [2015] . Despite the uncertainties of both local paleoenvironment interpretations and resultant paleoshoreline locations, the initial paleosurface ( Figure 6 at 150 Ma) provides a first-order representation of continental-scale topographic elevation for Eastern Australia. From this '10 km resolution regular grid, we build a 4000 3 5500 km triangular irregular surface with an averaged resolution of 5 km. For the sensitivity analysis, the resolution is 20 km.
Surface Processes Parameters
The surface evolves according to hillslope and channeling processes in the forward landscape evolution model.
Channel flow erosion is defined through the stream power law equation (equation (5)) with a dimensional erosion coefficient that aggregates several factors including climate and rock type, channel width and hydraulics, among others [Howard and Kerby, 1983; Sklar and Dietrich, 1998; Whipple and Tucker, 1999; Montgomery, 2001; Braun and Willett, 2013; Lague et al., 2005] . This erodibility coefficient is assumed to be spatially uniform over the entire region and the following range of values are used in our sensitivity analysis [Gasparini and Brandon, 2011] .
Hillslope processes are implemented through the linear diffusion equation (equation (6)) with two uniform diffusion constants j 1 and j 2 which are set to 1310 23 and 5310 23 m 2 yr 21 , for aerial and marine environments, respectively [Pelletier, 2004; Sweeney et al., 2015] . The higher value for constant j 2 accounts for the reworking of sediments by waves and currents in the marine domain.
Flexure and Compaction Related Inputs
The impact of sediment load redistribution by surface processes on the lithosphere is simulated using the flexural isostasy module (equation (7)). For this study, we perform a series of tests with and without flexural isostasy. In cases where the module is turned on, the flexural rigidity of the Australian elastic plate is assumed to be uniform over the entire region and the effective thickness of the plate is set to either 24 or 70 km. The first effective thickness is based on an averaged of the values obtained by Swain and Kirby [2006] from wavelet transforms of gravity and topography using the method of Forsyth and Vetzal [2002] for the east coast of Australia. The second one is in the upper range of the 45-77 km estimated for eastern Australia by Zuber et al. [1989] and Simons et al. [2000] . The average sediment and mantle densities are set to 2700 and 3500 kg m 23 , respectively.
In some models, we estimate sediment compaction and porosity variation using a simple approach that lacks some details such as deposit variability or diagenesis, but nonetheless captures the essence of the compaction process. It consists of defining an averaged underlying sediment porosity which depends on the overlying load. In models where compaction is simulated, the porosity is assumed to vary from 0.6 on Geochemistry, Geophysics, Geosystems
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the surface where the overburden pressure is 0 MPa, to 0.25 for deeply buried sediments. This porosity evolution approximates an exponential function (equation (10)) trend that is supported by porosity data from compacted shales, silts, and sandstones. The compacted coefficient C / is set to 3:68310 28 Pa 21 [Bahr et al., 2001 ]. Eastern Australia is tilted towards the East Gondwana subduction zone from 150 to 110 Ma. Cessation of subduction and after 100 Ma leads to the dynamic rebound of eastern Australia and a phase of broad uplift and exhumation, continuing from 100 to $70 Ma. A second phase of stepwise uplift of eastern Australia, starting in the north, and gradually migrating to the south, occurs after $40 Ma as Australia migrates to the north-northeast, gradually overriding the edge of the large Pacific mantle upwelling. This dynamic topography model is used to drive paleodrainage dynamics in the landscape model. 
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Landscape Evolution Model Sensitivity
A set of 13 models with resolution 20 km was ran to evaluate the sensitivity of Australian landscape evolution to the forcing parameters described in section 2.2 and summarized in Table 1 . Each model is rated based on three criteria. We first evaluate the formation and retreat of the epicontinental sea (left circle in the rating column of Table 1 ). We then compare the simulated cumulative erosion with estimated denudation rates for the Great Dividing Range (central circle). Lastly, we map the difference in elevation between the simulated final topography and the digital elevation model ETOPO5 [2006] (right circle in Table 1 ).
Timing of Epicontinental Sea Formation and Retreat
With the exception of model 1 (left plots of Figure 4 ), all models predict flooding of central Australia between 125 and 80 Ma. The formation of this epicontinental sea is supported by geological observations which document widespread Cretaceous flooding of eastern Australia [Gallagher and Lambeck, 1989] and is linked to the combination of sea level rise with the tilting of eastern Australia down to the east due to active subduction. In models 10-13, the extent and timing of the flooding is controlled by the magnitude of the dynamic topography with the flooding starting sooner 125 Ma for model 13 and lasting for more than 45 Ma in contrast to model 10 where it starts at 95 Ma and last for 10 Ma. The maximum flooding occurs between 110 and 100 Ma for all models except models 1 and 10, which is in agreement with estimations from geological observations [Veevers, 1984] . The marine inundation of Australia and the eustatic sea level curve of Haq et al. [1987] are out of phase with Australia becoming progressively exposed, with disappearance of the epicontinental sea before 80 Ma, when eustatic sea level is close to its maximum (Figure 2c ) [Gurnis et al., 1998] . From this analysis, models with constant sea level (model 1) and with halved dynamic topography amplitude (model 10) were given a negative score.
Comparisons With Observed Denudation Rates
Here we focus on the impact of the coefficient of erodibility used in the stream power law model (models 2-6 in Table 1 ) on the erosion of the eastern Australian landscape ( Figure 5 , bottom maps). Comparisons are carried out on the cumulative erosional changes rather than denudation rate evolution over time which is discussed in details for the high-resolution model. From models 2 to 6, the maximum erosion rate is located along the southeastern part of the Great Dividing Range which is in agreement with other studies realized in the region [O'Sullivan et al., 2000] Similar results are obtained for models 7-9 where the elastic thickness has been increased to 70 km. These three models show lower denudation rates than the ones with smaller elastic thickness for an equivalent erodibility coefficient. As an example model 9 has an averaged denudation rate of 20.5 m Myr 21 , 1.5 m Myr 21 smaller than model 6. Using denudation rate between 12.5 and 17.5 m Myr 21 as an acceptable range, models 2, 3, 6, 9, 12, and 13 were given a negative score.
Evaluation of Simulated Present-Day topography
The Great Divide comprises a series of low mountain ranges and plateaus roughly paralleling the eastern coasts of Australia for approximately 3700 km [Oilier, 1982] . The range begins in the north on Cape York Peninsula (Queensland) where its average elevation varies between 600 and 900 m with maximum topography as high as 1500 m in the Bellenden Ker and McPherson ranges and the Lamington Plateau [Jennings and Mabbutt, 1986] . Further south the Australian Alps, near the New South Wales-Victoria border, contain Australia's highest peak, Mount Kosciuszko, with an elevation of 2228 m. The highlands finally bend westward in Victoria to terminate in the Grampians [Oilier, 1982] , while a southern spur emerges from the Bass Strait to form the central uplands of insular Tasmania. For models with dynamic topography magnitude larger than 1.0 (models 12 and 13) or erodibility coefficient lower or equal than 5310 28 yr 21 (models 1, 2, 3, 4, and 7), the simulated present-day Geochemistry, Geophysics, Geosystems 10.1002/2016GC006617 Figure 4 . Results of predicted evolution of eastern Australian topography at '20 km resolution for some of the models used in the parameter sensitivity tests (as described in Table 1 ). The maps are colored by elevation relative to sea level. Left panels show the evolution at 110, 90, and 0 Ma for model 1 where sea level is assumed constant, flexural isostasy, and compaction are not computed and rainfall is uniform through space and time. Central panels show the final landscape morphology induced by different coefficients of erodibility using similar sea level, precipitation and flexural conditions. The impact of changing the dynamic topography magnitude derived from the preferred Model 1 of M€ uller et al.
[2016a] on final landscape morphology is presented in the right plots.
Geochemistry, Geophysics, Geosystems 28 yr 21 and with a dynamic topography magnitude scaling of 1.0 were given a positive score (last circle in the rating column from Table 1 ).
High-Resolution Model
Based on the parameter sensitivity analysis and rating criteria presented in the previous section, model 5 was selected as our preferred low-resolution model. We then created a high-resolution model (5 km) with similar initial conditions: the sea level curve from Haq et al. [1987] , the precipitation evolution obtained from GFDL CM2.1 model [Delworth et al., 2006] , an erodibility coefficient equal to 8310 28 yr
21
, an elastic thickness equal to 24 km, the dynamic topography magnitude scaling set to 1.0 and with sediment compaction module turned on.
Eastern Australian Paleotopography
Here we simulate the evolution of Eastern Australia topography since Late Jurassic Period (Figure 6 ) resulting from the combination of forcing conditions described above. 
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Figure 6. Predicted evolution of eastern Australian topography at '5 km resolution. The maps are colored by elevation relative to sea level Haq et al. [1987] . The topography at 150 Ma corresponds to the initial model surface derived from the paleotopography reconstruction approach presented in section 2.2.2. The surface evolution is forced using the dynamic topography presented in Figure 3 and the rainfall evolution described in Figure 2 . Sediment erosion, transport, and deposition are computed from both hillslope and river processes, and sediment loads are corrected for flexural isostasy and compaction.
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The tilting of eastern Australia down to the East Gondwana subduction zone induces an overall subsidence of the region between 150 and $110 Ma. Because of this tilting, drainage patterns tend to develop primarily following a west to east direction with some major river systems taking their source in the Central Ranges and draining sediment down to the southeastern part of the continent. Large deltaic systems prograde in the marine environment at river mouths. Small fluvial valleys develop following pre-existing or mantleinduced topographic gradients.
The tilting of eastern Australia is reversed to down to the west from $100 Ma due to the cessation of subduction and eastward motion of the plate over subducting slabs. In conjunction with sea level rise between 110 and 80 Ma, it leads to flooding in central Australia and to a regional reorganization of drainage networks. By 90 Ma, several large deltas are formed in this epicontinental sea with deposition of shallow marine and marginal marine or lacustrine sediments primarily transported from the eastern region. Eastern valleys which were already in place in the early stages of the simulation remain active during this period, with increasing erosion due to base-level change and associated valley incision. By that time, a mean drainage divide emerges that splits the eastern side of Australia into two parts from south to north ( Figure 6 -90 Ma). The establishment of this drainage divide that only migrates locally over the following 80 Ma marks the early stages of formation of the Great Dividing Range. To the west of the drainage divide, large river systems quickly develop ( Figure 6 -90 Ma) and several valleys are incised and propagate along the dynamically uplifted region. Local relief increases as valley incision progresses, and the erosion of tributaries increases. The drainage network develops upslope over time ( Figure 6 -80 Ma) and the highlands are increasingly dissected by the erosion of tributaries. Sediment drained from east to west by these fluvial systems is deposited in a shallow epicontinental sea before its retreat begins at $85 Ma.
From 80 to 50 Ma, the deposits left behind by the interior sea are now eroded and western flowing river systems from the eastern highlands transport large amounts of sediments toward the southern region, creating vast deltaic provinces. Early stage streams have intensively dissected the highlands that are now drained by a well developed network. Drainage divides are narrowing and overall the landscape is marked by steep slopes down to stream channels.
A second phase of eastern highlands uplift since $50 Ma is attributed to the north-northeast migration of Australia over the edge of the large Pacific mantle upwelling M€ uller et al. [2016a] . River catchment, drainage organization, and main accumulation regions are stable over this period. On the eastern highlands, this second uplift maintains river gradients steep enough to keep eroding the landscape, further narrowing the drainage divides ( Figure 6 -30 Ma). In the previously flooded region, the slope is gradually flattening, and the erosive power of rivers is decreasing significantly. Southern deltaic systems are growing and gradually prograding in the marine environment. Over the last 20 Myr, the uplift phase induces the formation of large deltaic/marine deposition areas on the northeast part of the region, which are mainly fed by the eastwarddraining river systems of the northernmost eastern highlands ( Figure 6 -0 Ma). The final topography appears more elevated than observed, which is due to the combined effect of imposed sea level fall ($150 m since $30 Ma) and dynamic uplift ($100-300 m since $30 Ma).
Present-Day Longitudinal River Profiles
Before analyzing the time evolution of drainage patterns, we evaluate the model results by comparing predicted present-day longitudinal river profiles to observed ones (Figure 7 ), selecting the eight main model rivers closest to eastern Australian rivers considered by Czarnota et al. [2014] . These rivers all drain to the coastline and they have been selected to ensure a good representation of the north to south evolution of Australian Great Dividing Range drainage characteristics. All longitudinal profiles exceed Strahler stream order 4, which defines stream size based on a hierarchy of tributaries. The methodology used to extract observed river profile is described in Czarnota et al. [2014, and references therein] .
Comparisons of observed and simulated longitudinal profiles are presented in Figure 8 . The Darling River (Figures 8a and 8a 0 ) exhibits a smooth concave upward profile geometry in the model and in the observations, and profile length ('2800 km) and elevation (>1000 m) are in agreement between observation and simulation. Several of the simulated rivers draining from the eastern highlands towards the south present a similar trend, suggesting that these rivers have adjusted and minimized downstream stream power despite eustatic, climatic, and tectonic variations.
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The following three modeled longitudinal profiles (Mitchell, Burdekin, and Fitzroy rivers plotted in Figures 8b-8d , respectively) have similar length ($1000 km) and elevation ($1000 m). Compared to the Darling River, the shape of these river profiles presents steeper gradients and several sharp changes in channel slopes. For the Burdekin River, both the modeled and simulated profiles record a knickzone across tens of kilometers in the first 500 km of the section (Figure 8c ). In the model, the formation and upstream migration of this knickzone is related to second phase of uplift of eastern Australia, induced by the large Pacific mantle upwelling since 40 Ma. This knickzone is approximately at the same elevation (>200 m) in the simulated and observed river profiles (Figures 8c and 8c0) . However, simulated elevations for these three rivers overestimate observed ones (Figures 8c0  and 8d0) , particularly in the case of the Fitzroy River for which the elevation difference is up to 500 m close to the drainage divide. This difference might indicate (1) an overestimation of uplift in the northern part of the eastern highlands during the second phase of uplift since 50 Ma, (2) a regional change in lithology, or (3) climatic conditions which are not taken into account in our simulation.
Most of the southeast facing rivers have irregular, convex-upward shapes (Figures 8e-8h) . Knickzones separate segments with lower relief on profiles f to h. These knickzones have similar amplitudes and occur at two common elevations ($200 and $800 m) for the Hawkesbury, Shoalhaven, and Snowy rivers (Figures  8f-8h ). These prominent knickzones indicate erosion of the southern part of the Great Escarpment. The spatial correlation across rivers indicates that the pattern of model knickzones is mainly an expression of the dynamic uplift along the south-eastern coast.
Comparisons between simulation and observation show that the model tends to overestimate river lengths. Except for the Fitzroy (Figure 8d ) and Hawkesbury (Figure 8f ) river profiles, the general trends of elevations are well reproduced by the model. Most simulated profiles exhibit shapes and knickzone patterns similar to the observed ones. Knickzone amplitudes and elevations are consistent between the simulated profiles and can be broadly correlated to the observed ones (particularly for the Burdekin, Figure 8c , and Snowy Rivers, Figure 8h ). Despite simplifying assumptions about initial conditions and relatively simple physics, the simulation of eastern Australian landscape evolution reproduces the first-order shape and characteristics of present-day longitudinal river profiles.
Evolution of Erosion and Deposition
Our model records cumulative erosion and deposition through time and can be used to quantify the implications for landscape evolution and drainage reorganization on deposition of large sedimentary provinces. Here we present the simulated evolution of erosion and deposition during the second phase of the simulation after the retreat of the shallow epicontinental sea 85 Ma ago in the southern part of the area (Figure 9 ).
From 85 to 60 Ma, drainage patterns gradually develop over the previously flooded, nearly flat area. The first phase of uplift related to the dynamic rebound induced by subduction cessation [Gurnis et al., 1998; M€ uller et al., 2016a] results in a broadening exhumation of the eastern Australia highlands from where rivers drain sediments toward the south (Figure 9 -75 Ma). Accumulation of sediment is visible along most shorelines and large deltaic provinces develop in the southern region (Ceduna sub-basin). The model predicts most of Figure 7 . Predicted present-day spatial distribution of main rivers. The eight colored rivers, named using the closest natural rivers occurring in a SRTM data set [Farr et al., 2007] , are compared to observed rivers in Figure 8 .
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the sediment transported to the southern margin to have been transported by small tributaries located on the southeastern side of the Great Dividing Range and by fully developed drainage systems of the northern Great Dividing Range that have limited erosive power (due to the small topographic gradients in their longitudinal profiles, Figure 9 -60 Ma).
Sediment input into the Ceduna sub-basin accelerated substantially between 85 and 50 Ma, which coincides with the second phase of uplift of southeastern Australia (Figure 3 ), related to its motion over the western rim of the large Pacific mantle upwelling [M€ uller et al., 2016a] . By 30 Ma, the drainage network on the Great Dividing Range is well developed with large catchments and deep valleys cutting through the eastern highlands (Figure 9 -30 Ma). Continuous uplift of the region provides most of the source of sediment accumulating in the Ceduna sub-basin at that time. The erosional engine of sediment routing systems in the eastern areas is mainly dominated by channel flows, with deeply entrenched valleys reflecting the tectonic activity of the region. By the end of the Eocene, the Ceduna sub-basin has accumulated more than 3.5 km of sediment in some areas. Drainage systems are now directly connected to the sub-basin with valleys developed along the entire river paths. Most sediments are transported in large drainage systems characterized by rivers of several thousand kilometers long. Over the last 30 Myr, sediment supplied from the eastern highlands region decreases (Figure 9 -20 to 0 Ma) and the model suggests that little accumulation from detrital influx in the Ceduna sub-basin is recorded in the region during this period. Figure 7 . The observed river profiles are selected from Czarnota et al. [2014] and are based on a SRTM data set [Farr et al., 2007] .
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The distinct two-phase uplift history of the eastern highlands [Czarnota et al., 2014; M€ uller et al., 2016a] results in a thick accumulation of sediments in the Ceduna sub-basin. Mantle-induced long-term uplift played a major role in both the construction of the drainage systems of eastern Australia and the Great Dividing Range and in the formation of large deltaic provinces on the southern continental shelf. The model suggests that large river systems (>2000 km in length) were responsible for Cretaceous to Early Eocene accumulation of detrital sediment in the Ceduna sub-basin. This result is consistent with the observations of Norvick et al. [2008] and Lloyd et al. [2015] who showed that the sediments accumulated in this region during the Cretaceous period seem to be transported from a network of transcontinental rivers.
Discussion
Predicted Denudation History
The model predicts discrete episodes of enhanced denudation would have occurred principally in response to changes in drainage, base-level changes, and uplift. In this study, the denudation only incorporates the mechanical processes of erosion and mass wasting, without accounting for biological and chemical processes [Smithson et al., 2008] . Maps of predicted cumulative dynamic topography, erosion, and flexural isostasy (Figures 10a-10c ) and temporal profiles for five different locations along the Australian Great Dividing Range (Figures 10d-10g ) are used to evaluate the role of dynamic topography and drainage evolution on denudation history. 
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Erosion patterns on both sides of the drainage divide show a clear asymmetry between east and west with approximately 3 times more erosion on eastward draining catchments (Figures 10b and 10e) . Maximum erosion reaches more than 2 km in the southern region of the range and decreases to an average of 1.4 km on the northern part. The west side present much lower values ($600 m on average) with higher erosion taking place in few local catchments (up to 1.3 km), which are linked to drainage capture through catchments reorganization. Our flexural isostasy map exhibits a similar trend with induced flexural uplift taking place on a higher rate and on a more restricted regional extent for the eastward flowing catchments in comparison to the westward flowing ones (Figure 10c ). The maximum induced flexural uplift is close to 1 km in the southeastern part of the range and decreases toward the north. The assumptions on precipitation, paleogeography, rock erodibility and of only considering the tectonic evolution induced by dynamic topography from mantle convection below 250 km depth clearly limit the predicted denudation magnitude, rates and timing in the region. Nevertheless the results appear to be in first-order agreement with several observations from exhumation estimates in the Snowy Mountains [O'Sullivan et al., 2000] , the Sydney Basin [Faiz et al., 2007] , the eastern highlands in New South Wales [O'Sullivan et al., 1995] and the CooperEromanga Basin [Mavromatidis, 2006] as shown in M€ uller et al. [2016a] . These results demonstrate that the time-dependent interactions between the two phases uplift history derived from the plate-mantle convection model combined with the predictions from the landscape evolution model explain most of the observed spatial denudation history in the region [Czarnota et al., 2014; M€ uller et al., 2016a] .
The temporal profiles for the five selected locations show that the elevation trend is well aligned with the imposed dynamic topography history both in terms of magnitude, rate, and timing (Figures 10d and 10e) . 
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The flexural profiles show a similar trend for all locations with a continuous evolution since 150 Ma and cumulative values ranging between 500 and 600 m (Figure 10f ). However the erosion history (Figure 10g ) is different between 100 and 70 Ma with higher erosion rates ($25 m/Ma) for the two southernmost profiles. Higher gradients in this region follow the first uplift phase which started at 120 Ma (Figure 10d ). The contrast between the five profiles is not related to a difference in tectonic history as they have a similar trend as shown in Figure 10d . Instead, the contrast seems to arise from the rivers' flow directions and related catchment evolution. Between 100 and 90 Ma, the western region is flooded (Figure 6 ) and the catchments on the southwestern side of the highlands are under active reorganization with increased river incision and length as the epicontinental sea retreats (around 85 Ma). The three other profiles do not show this erosional adjustment as the eastern side is disconnected from the epicontinental sea, river longitudinal profiles are steeper in this region (Figure 11b -90 Ma orange profiles) and catchments much smaller. This result illustrates the primary role of landscape dynamics and particularly of drainage organization on the regional long-term denudation evolution of the region. After a phase of pseudo-stability (between 60 and 30 Ma, with an average denudation rate of $10 m/Ma), a second episode of accelerated denudation (!18 m/Ma) is observed on all five profiles. These denudation magnitudes are broadly consistent with the ones obtained in other studies based on apatite fission track thermochronology [Kohn et al., 2002 [Kohn et al., , 2005 . In addition, the timings of the two accelerated denudation phases fit the denudation history of southeastern Australia [O'Sullivan et al., 2000; M€ uller et al., 2016a] .
Evolution of the Southeastern Australian Landscape
The predicted river profiles (Figure 8 ) and overall Australian Great Dividing Range elevations ( Figure 6 ) are in agreement with observations. Here we focus on the southeastern part of the region over the last 130 Myr, where the influence of dynamic topography and eustatic sea level variations on catchments reorganization is clearly illustrated (Figure 11 ). In addition to river longitudinal profiles, we evaluate the stability of the drainage using the v parameter following similar analyses [Perron and Royden, 2012; Royden and Perron, 2013; Yang et al., 2015] . Analyze of v profiles shape and temporal evolution is used here to infer the stability of the simulated landscape across southeastern Australia main drainage divide at 90, 60, and 10 Ma (Figure 11b ).
At the early stage of river network development, the distribution of flow accumulation (Figure 12) shows that a large catchment area has formed in the southern region with main drainage systems including the proto-Murray River flowing eastward from the Central Ranges. The formation of this drainage system in the southern part of Eastern Australia seems related to the more pronounced tilt reversal existing in the south during that time (Figure 3) . From 110 to 90 Ma, the southern region experiences a drainage reversal largely controlled by the dynamic rebound of eastern Australia related to subduction cessation. As a result, the proto-Murray River reverses direction from eastward to westward draining between $120 and 100 Ma (Figure 12) . By 110 Ma, multiple southern catchments have formed on either side of the Great Dividing Range drainage divide.
Before the retreat of the epicontinental sea, multiple catchments have formed on the westward side of the main divide (Figure 11a ). Rivers are steep when v 4 and much more gradual when v ! 4 (Figure 11b -90 Ma). Higher v reflects the low relief of the highlands at that time. The asymmetry between the western and eastern sides of the divide is already well established at this early stage of the range formation, with eastward and southward flowing rivers presenting much steeper gradients and smaller lengths than westward flowing ones . A large knickzone at $500 m elevation is visible on two of the profiles and relates to the rebound of eastern Australia due to subduction cessation after 100 Ma. Most of the other profiles show the same pattern but with a much smaller knickzones. The different rate at which transient knickzones propagate through the landscape in the model is mainly controlled by catchment drainage area, as expected because the tectonic perturbation in the region is characterized by long wavelengths and small amplitudes [Whittaker and Boulton, 2012] .
By 60 Ma, most of the catchments on the west side of the range have merged to form larger drainage systems (Figure 11a ). This aggregation of smaller catchments into larger ones develops a positive feedback where larger drainages with higher stream power at a given slope undermine and capture an adjacent drainage area [Oskin and Burbank, 2007] . Most westward flowing rivers show typical concave upward longitudinal geometries suggesting that these alluvial channels have reached equilibrium. Westward draining Geochemistry, Geophysics, Geosystems 10.1002 basins are now characterized by graded streams several thousand kilometers long and around 1000 m elevation close to catchment head (Figure 11b -60 Ma), and the v profiles become more linear. According to Willett et al. [2014] , for equilibrium to be reached all channel points in both basins should lie on a single linear trend. Here we see that v values remain discontinuous across the drainage divides, with larger v for the westward flowing catchments suggesting that the eastern and southern catchments are the aggressors and that the main drainage divide should migrate westward to achieve equilibrium conditions. In our model, this migration is not clearly visible due to constant adjustment of base-level conditions by the combined effect of sea level and tectonic variations. Instead the drainages tend toward equilibrium (linearity of v profiles) by catchment reorganization. Geochemistry, Geophysics, Geosystems
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This reorganization is ongoing over the following 50 million years, with the formation of a large catchment in the western side of the range. The v profiles gradually become linear over time and the longitudinal river profiles exhibit the same patterns as in Figure 11b -60 Ma. The main differences are in the elevations range (above 1500 m) and overall lengths of the rivers which are directly related to the second phase of uplift induced by the migration of Australia over the edge of the large Pacific mantle upwelling [M€ uller et al., 2016a] . The predicted final main westward draining catchment (Figure 11c (Figures 8a and 11c -10 Ma), these rivers traverse low-lying land suggesting a low-flow regime. The southeastern rim is the main source of water for these rivers. Their length, position, and profiles seem to be directly comparable with the Darling, Murray, and Lachlan rivers. Keeping in mind the limitations of our model and the crude assumptions on paleogeography, the fidelity of simulated drainage networks with observations [Murray Darling Basin Commission, 2006] and the predicted evolution of southeastern catchments [Lambeck and Stephenson, 1985; O'Sullivan et al., 2000] suggest that dynamic topography played an important role in shaping the geomorphological features and catchment systems of this region.
Consequences for Dynamic Topography Models and for Continental-Scale Uplift Histories Derived From Present-Day Longitudinal River Profiles
Between 120 and 80 Ma, a total uplift of $400-600 m is estimated by the mantle flow model ( Figure  10d ) and correlates with river profiles inversion for the Snowy Mountains, New England, and the Central Highlands suggested by Czarnota et al. [2014] . This phase of dynamic uplift is due to the eastward motion of Australia over a sinking slab, first leading to transient subsidence, followed by rebound and uplift as suggested in Gurnis et al.
[1998] and M€ uller et al. [2016a] . During this period, the landscape Geochemistry, Geophysics, Geosystems
model predicts a phase of drainage reversal ( Figure 12 ) with an important reorganization of the catchment patterns for eastern Australia. By the end of this first phase, the asymmetry between both sides of the Great Dividing Range is in place. The drainage network develops upslope and the highlands are increasingly dissected by tributaries. Rivers flowing westward are characterized by concave-up longer profiles (Figure 11 ) that develop during the retreat of the epicontinental sea (around 85 Ma).
The northern and southern regions experience different uplift history as discussed in M€ uller et al.
[2016a], suggested in Czarnota et al. [2014] and shown in Figure 3 . This time difference in the second phase of uplift is also expressed on maps of flow accumulation evolution (Figure 12 ). The northern region ( Figure 6 ) shows a progressive evolution toward equilibrium of the drainage systems between 70 and 50 Ma. During the last 50 Myr, catchment reorganization is still active in the southern eastern region with the formation of a large drainage system similar in shape and size to the Murray-Darling basin [Murray Darling Basin Commission, 2006] and (Figure 11c ). In this southern region, the distribution of v shows contrasting values between several drainages sharing a common divide, suggesting that catchments remain in disequilibrium (Figure 11b ). This second phase of Cenozoic uplift totaling $700 m in our model (Figure 10d ) is in agreement with river profile inversion model from Czarnota et al. [2014] and geological and geomorphological observations [Holdgate et al., 1980] .
Simulated longitudinal river profiles (Figure 8 ) present similar shapes and lengths when compared to profiles derived from SRTM data [Farr et al., 2007; Czarnota et al., 2014] . Large catchments developing on the western side of the Great Dividing Range are also well in agreement with observed ones [Murray Darling Basin Commission, 2006; O'Sullivan et al., 2000] . It suggests that continental-scale landscape dynamics is strongly controlled by the dynamic topography history in this region. Our approach accounts for the effects of both uplift and subsidence, drainage reorganizations, as well as sea level fluctuations, extending insights from river profile inversion [Czarnota et al., 2014] . The landscape evolution model predicts that the main phase of landscape disequilibrium and drainage reorganizations occurred around 130 Ma, with subduction-driven dynamic subsidence controlling the initial organization of the western catchments from 150 to 120 Ma . It suggests that assuming a constant drainage network may be an acceptable first-order approximation to model past eastern Australian topography from present-day longitudinal river profiles over the last 120 Myr [Czarnota et al., 2014] . However, the model predicts that the change from dynamic subsidence to dynamic uplift in the southwest part of the model domain ( Figure 3 ) resulted in large-scale drainage reversal (Figure 12 ) between 120 and 80 Ma, and in the formation of westward flowing drainages during the retreat of the epicontinental sea between 90 and 80 Ma ( Figure 6 ). This change in drainage direction primarily concerns rivers of the Murray-Darling Basin that do not present major knickzones and therefore have a limited effect on the predicted uplift history of Australia [Czarnota et al., 2014] . Inferring past continental-scale uplift histories from the present-day landscape may not be possible back to the Cretaceous for all continents. For instance, mantle flow and surface process models [Shephard et al., 2010; Sacek, 2014; Flament et al., 2015] predict a reversal of the Amazon River from westward-draining to eastward-draining during the Miocene. In such cases, forward methods such as the one present here may be required to unravel past interactions between surface and mantle flow induced processes.
It is worth noting that the model does not take into account regional crustal and lithospheric deformation (thickening or thinning) that would result in tectonic uplift or subsidence. As a consequence, changes in landscape related to tectonic activity in the Flinders Ranges [C el erier et al., 2005] and in Victoria [Wallace et al., 2005] are not captured by the model. Postrift thermal subsidence [e.g., McKenzie, 1978] is also neglected here, and will need to be taken into account to better predict marine sedimentary stratal architectures (Figure 9 ). In addition, tectonic reconstructions are uncertain and become increasingly uncertain back in geological time [e.g., Zahirovic et al., 2015] . The predicted evolution of topography is uncertain both in terms of relative and absolute plate motions as well as plate boundary topologies, which together determine the past location and geometry of subduction zones, and how Australia has moved over over deep-mantle structures through time. The success of the model in predicting the two-stage uplift of Eastern Australia suggests that the tectonic model appropriately captures first-order aspects of past plate motions. However, the predicted epicontinental sea is connected to the open ocean to the south of Australia (Figure 6 ), whereas the opposite is inferred from paleogeography ( Figure 13 ). This discrepancy could arise from the poorly constrained location, shape or polarity of illGeochemistry, Geophysics, Geosystems
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constrained Cretaceous subduction zones in the Tethys-Pacific junction region M€ uller et al., 2016b] , from poorly constrained absolute plate motions between $150 and 100 Ma, or from a combination of both. Such discrepancies can be addressed in the future either by trial and error using forward models, or ideally using sequential data assimilation, although such methods currently only exist in two dimensions [Bocher et al., 2016] .
Conclusions
We have coupled the dynamic topography predicted by a paleogeographically constrained mantle flow model to a surface process model to study the evolution of the eastern Australian landscape since the Jurassic Period. We built an initial paleotopography from a global digital elevation model, sediment thickness map and a regional paleoenvironments atlases. Fluvial and hillslope processes simulate landscape dynamics using stream power law and linear diffusion with uniform erodibility and diffusion coefficients. We first designed a series of low-resolution models to test the sensitivity of simulated Australian landscape evolution over the last 150 Myr to input parameters. These models were assessed based on comparisons of simulated elevations with ETOPO5 topography, predicted flooding history of central Australia with paleogeography, and predicted erosion with estimated denudation rates. Using our preferred set of forcing conditions, we then produced a high-resolution model based on a simple history of varying precipitation and long-term sea level. Even though these assumptions limit the predictive power of our results, this coupled approach provides meaningful insights into the fundamental links between continental-scale dynamic topography and landscape evolution. Using temporal and spatial changes in river longitudinal profiles, flow accumulation and v values, as well as erosion and deposition maps, we show that the motion of the Australian plate over the convecting mantle resulted in significant reorganization of eastern Australia catchments (such as the MurrayDarling basin), including the drainage reversal of the Murray River between $120 and 100 Ma. Predicted denudation and sedimentation rates are compatible with thermochronology data for the Australian eastern highlands and with cumulative sediment thickness derived from southern Australian offshore basins. In addition, first-order comparisons with observed river profiles and catchment shapes are presented and show that the proposed model is in agreement with present-day observations. The approach could be expanded in the future to investigate long-term sediment transport and provide quantitative constrains on continental-scale sediment routing and basin formation in regions with limited lithospheric deformation. [Langford et al., 1995] .
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